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METHOD FOR ASSAYING MOLT I " COMPONENT M I X T U RES 
FIELD OF INVENTION 
A METHOD FOR AUTHENTICATING THE COMPOSITION OF MOLT I COMPONENT 

MIXTURES AND/OR DETECTING THE PRESENCE OF IMPURITIES IN 

MUXtTICOMPONENT MIXTURES 

[0001] The present invention relates to analysis of sub- 

stances and materials by optical methods, particularly for 
identifying and assaying multi component mixtures, as well as 
for analytical screening of trace amounts of contaminants in 
complex media, including potentially anthropogenic contami- 
nants in objects of life support and the environment 
BACKGROUND OF THE INVENTION 

[0002] Practically all things, both natural and man-made, 

in any aggregative state, are multi — aomponcnt mul t i component 
mixtures. Even aupcr pure superpure chemically individual 
sxibstances that have been subjected to multiple purification 
steps always contain a set of trace impurities. For a number 
of reasons, it is nearly impossible, using current techniques, 
to separate these impurities from the desired component. 

[0003] For example, even ideally purified deionized water 

contains trace amounts, at least, of dozens of humus impuri- 
ties (Lavrik et al . , 2000). Distilled spirits produced by the 
highest separation efficiency contain more than 2 00 trace com- 
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ponents (Karagodin, 1998) , Marketable cyclohexane contains up 
to 70 trace components (Dedkov, 2 002) . Yet these three enti- 
ties are considered to be pure substances. 

[0004] The situation with industrial products is much more 

complicated, because in making these products a certain set of 
impurity components are introduced as part of the process of 
production, and these impurities define determine the quality 
and consumption features of a product. Other components, which 
are sometimes present in trace amounts, def i ne determine the 
safety of the product , 

[0005] At present, about 80,000 kinds of chemical products 

are manufactured all over the world, most of which products 
are toxic to warm-blooded animals (Korte, 1996) . The appear- 
ance of these substances in the environment and, particularly, 
in life support systems, poses a serious threat. The problem 
of water quality on the planet is particularly important, be- 
cause 90% of the water is consumed for industrial use and is 
returned to the environment with wastewater (Dedkov, 2002) . 
In fact, more than 500 individual man-made substances have 
been detected in wastewater, almost half of which are regarded 
as very dangerous, while the rest are characterized as danger- 
ously harmful to vital functions and the functioning of eco- 
systems (Fortoutan-Red, 1982) . 
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[0006] In other words, in practically all fields of human 

activities, there is a need for effective analytical tech- 
niques so that dangerous substances can be detected and elimi- 
nated. 

[0007] Traditional methods for analyzing compounds in 
iHulti — e ompoBre-Hr ^mul t i component m ixture s are usually based on 

eggt - rae t^ e -H' s e 1 e c t i on o f the analyte from the mixture, with 

further qualitative-quantitative correlation. This procedure 
requires a number of instrumental physical and chemical meth- 
ods, often resulting in the requirement for preliminary treat- 
ment or concentration of a sample. Modern standardized ana- 
lytical processes cover only about 20% of the total available 
set of components (Devjatykh et al . , 1994) . This results from 
the fact that the substances being analyzed may consist of 
tens and hundreds of individual compounds, and exhaustive 
analysis of the all of the components of a multi aomponcnt 
mult i component mixture becomes a very long, laborious, and ex- 
pensive procedure. At the same time, modern conditions dic- 
tate the requirement for rapid analysis methods which are sim- 
ple in execution and which are able to rapidly detect the wid- 
est array of contaminants. 

[0008] The methodology of analytical screening (Beyermann, 

1982) relates to such methods, which itself is not strictly an 

analytical procedure. The essence of this methodology con- 
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sists in rapid screening of suspicious objects requiring fur- 
ther standard by stricter methods. The parameters of these 
objects deviate from the parameters of standard object by any 
characteristic which is subject to rapid methods of instrumen- 
tal control. It is evident that, for multi — component multi- 
component m ixtures , this characteristic is the identity or 
distinction of a compound in the product being analyzed, as 
compared with a standard compound which corresponds strictly 
with the manufacturer's process, or with a natural set of 
natural components wherein absence of the contaminants is con- 
firmed. Thus, the solution of the task of rapid analysis does 
not require decoding of a qualitative-quantitative compound of 
a mixture. For that, it is quite enough to find an analytic 
•method making it possible to receive some integral character- 
istic, or a set of characteristics, which can be measured in- 
strumentally , ensuring unique identification of a compound in 
a mixture, and, at the same time, making it possible to detect 
qualitative changes of the compound at the level of trace 
amounts of a substance. 

[0009] Optical spectrum methods of analysis are the most 

attractive for analyzing multi — c omp onen t m u 1 1 i c omponen t m i x - 
tures. One peculiarity of optical spectra is the fact that 
they are characterized by complex reflection of both the com- 
ponent compound of the mixture and characteristics of individ- 
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ual components related to their chemical structure, and a com- 
plicated set of interactions of the components of the mixture 
with each other of a non-covalent nature (supra-molecular in- 
teractions [Lenn, 1995] . These interactions define determine 
the per-molecular structure of a substance of nano- dimensional 
scale that is responsible for producing the optical spectra 

(Bakhshiev, 1972; Lakowicz, 1983; Suppan, 1990). In view of 
these circumstances, the optical spectra of multi componGnt 
mul t i component mixtures are uniquely sensitive to the slight- 
est changes of a component in the mixture, which spectra ap- 
pear both owing to mechanisms of intra-molecular photonics and 
as a result of the influence of supramolecular interactions 
upon spectroscopic visualization of these mechanisms. 

[0010] Photo absorption Photoabsorption methods are the 

most widely used analytical techniques. These methods are 
based on relative measurement of the light falling on a sample 
and pas G ing — passed through the sample. When these measure- 
ments are performed, systematic hardware inaccuracies are 
taken into account automatically, making these methods suit- 
able for quantitative assessments. So, in particular, methods 
are known to analyze liquids for determining their identity or 
differences. Likewise, methods are known for determining con- 
taminants in liquids, which methods consist of measuring ab- 
sorption or reflectance spectra of an unknown liquid to deter- 
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mine characteristic spectra, finger prints, and/or profiles of 
data, and to determine the ratio of intensities of the light 
reflected or absorbed by a standard sample and a tested sample 
within the selected spectral section (Ingrum, 1991; 
Littlejohn, 1991) . However, the absorption and reflectance 
spectra have low sensitivity and are ineffective for identify- 
ing trace amounts of impurities. 

[0011] From Prior Art it is known that the luminescence 

spectra (Sicgcl ct al . , — 1985) — (Beyermann, 1982) are much more 
responsive to trace amounts of impurities and are very selec- 
tive. At the same time, for identifying components of a mix- 
ture, three dimensional luminescence spectra (Webor, 1961) are 
most appropriate, which spectra reflect the complete set of 
spectral -luminescent characteristics of the test object.- 
These spectra may be represented both as an isometric projec- 
tion in coordinates of excitation wave length wavelength and 
irradiation wave length wavelength , or contoured spectra-7 — et& 
shewn in Figur c o — 1 and 2 . Particularly, there is a known 
method for identifying a petroleum type by contoured lumines- 
cence excitation-irradiation spectra (Rho et al . , 1978; Cor- 
field et al . , 1981). Also, very striking differences are ob- 
served for petroleum synthesis products. As an exa mp le for 
Fig. 1 and 2 such data are given that were obtained by the 
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present inventions. A n illustration of this is found in Fig- 
ure 1 in which the contoured spectra for various brands of 
gasoline are shown. 

[0012] The drawbacks of the luminescence spectra are that 
the excitation- irradiation spectra are not able to display a 
complete component makeup of a sample, but only part of the 
components. To receive contoured spectra, mathematical inter- 
polation software is used, which inevitably distorts the 
analysis result, making them of little use for correct identi- 
fication and/or determination of differences for mixtures 
which are similar to each other. More, as stated in Siegel et 
al . , 1985, visual analysis by three-dimensional spectra for 
mixtures containing more than three components presents a 
quite insoluble problem. For example. Figure 2 shows the con- 
toured spectra for luminescence of tap water and the same wa- 
ter with added chlorine. As one can see, the visual differ- 
ences of contoured spectra for these samples are impercepti- 
ble, 

[0013] The closest solution has been the method of identi- 

fication of spirit-based liquids by the difference in matrices 
composed using a complex set of spectral profiles of a light 
transmission ratio, and luminescence profiles normalized for a 
unit, when excited by different wavelengths of light (Nekra- 
sov, Russian Patent RU 2150699, 2000) . This method totally 
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excludes the human factor, resulting in positive identity and 
differences in trace amounts of impurities, even for objects 
which are very close in their composition (Nekrasov et al.. 

Theses^ 2000) . The drawbacks of this method are that analyti- 
cal matrices used for identification contain data of absolute 
measurements of the intensities being analyzed, and do not 
take into account the spectral light transfer ratio of the op- 
tical path of an analytic device, and the spectral responsive- 
ness of photo detectors photodetectors . This makes it impos- 
sible to correctly compare the analysis results and practi- 
cally excludes their use in forming centralized electrpnic 
data banks. Also, during the actual measurement, noise caused 
by intensity fluctuations of the light source, being particu- 
larly perceptible in the ultraviolet range of the spectrum, is 
not taken into account, thus influencing the selectivity of 
the method and its possibilities for identification. 

[0014] At the same time, the spectral characteristics used 

in the methods described above (Corfield et al . , 1981; Siegel 
et al., 1985; Nekrasov, Russian Patent RU 2150699, 2000) re- 
flect, mainly, only those components of a mixture that have 
pronounced chromophore characteristics and/or luminescence. 
In both absorption and luminescence of mult i — compone nt mul t i - 
component systems , the components not having their own chromo- 
phore and luminophore characteristics are shown weakly. Both 
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methods, by objective reasons have an analytical range which 
is restricted by the high concentrations of components of the 
mixture, resulting in drastic restriction of the possibilities 
of identification where there are high concentrations of char- 
acteristic components. These circumstances do not allow one, 
particularly for u lt ra clean ultraclean substances and com- 
pounds, to use referencing of the objects into classes and to 
effectively use on-line features of communications networks 
and electronic data banks for identification. It makes it im- 
possible to identify unknown objects in the physical absence 
of a standard sample of a compound. 
SUMM^JRY OF THE INVENTION 

[0015] It is an object of the present invention to overcome 

the aforesaid deficiencies in the prior art . 

[0016] It is an object of the present invention to provide 

a method for determining the identity of component o — in multi 
eempenent - mult i component mixtures . 

[0017] It is another object of the present invention to de- 

tect contaminants in multi — component mult i component mixtures. 

[0018] According to the present invention, a highly effec- 

tive method is provided to determine the identity or differ- 
ences between multi — component multicomponent mixtures, as well 
as to detect__contaminants in multi component multicomponent 
mixtures, by means of comparing the spectroscopic parameters 
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set, which parameters completely characterize a complex of 
components in the mixture . 

[0019] The present invention provides a reagent free re- 
agentless express instrumental method for registering and ana- 
lyzing electronic optical signatures that are formed during 
direct measurements of a complex set of photo absorption, lu- 
minescent and Raman spectral parameters of multi component 
multicomponent mixtures > The complex set of absorption, lumi- 
nescent and Raman spectral characteristics of an object is its 
unique identification characteristic. When comparing such set 
of measurable characteristics for an identifiable sample of an 
unknown mixture with an electronic digital image that has the 
same set of characteristics as the control sample of a known 
mixture, there is no need to identify each component of the 
mixture, (Nekrasov V.V, et al . , pat RU 215 06 99, bull. No. 16, 
2000) . This method is suitable for forming dynamic computer- 
based data banks, making it possible to control the content of 
industrial products, life support systems, and the environ- 
ment, as well as to prevent harmful and dangerous contamina- 
tions in these systems. 

[0020] According to the present invention, the complex re- 
sponsiveness of objects which are analyzed to the light influ- 
ence by means of comparing absorption, luminescent, and Raman 
spectral characteristics of the obj ect being analyzed. These 
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characteristics were obtained while performing relative meas- 
urements of characteristics of compounds being identified un- 
der analysis and characteristics of a standard sample and/or a 
calibration sample of a known compound by a quasi -doublebeara 
method ensuring calculation and compensation of systematic and 
random hardware inaccuracies directly during implementation of 
comparative measurements and/or with further mathematical 
treatment of the results. 

[0021] A cemplex a na l ysi s u s ing thr e e — c o m plement ar y meth - 

od-s~7 — photo ab s o r p tion, — 1 u m i n c s c one e , — and Raman sGa tt er i ng / 
promotes increasing rcoponsivcncBS and selectivity of the 
method — (Bcycrmann, — 1982). A complex analysis using several 
complementary methods promotes increasing responsiveness and 
selectivity o£ the method (Beyermann, 1982). The' high -express 
degree of analysis is secured by obtaining the complete set of 
absorption, luminescent, and Raman spectral characteristics 
during the united analytical cycle of measuring and comparing 
the characteristics of samples under comparison in each of the 
selected points of the specific analytical range in one spe- 
cialized analytical device, and/or while comparing the meas- 
ured characteristics of a sample being identified under analy- 
sis in an unknown mixture with the electronic signature of a 
standard sample of a known mixture. 
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[0022] Measurements of transmitted or reflected light are 
executed using standard methods, such as those shown in Weber, 
1961 and Rabek , 1982 . Intensity of luminescent light radia- 
tion radiated by a sample is measured in accordance with meth- 
ods described by Lakowicz, 1983; Parker, 1968; and Rabek, 
1982, At the same time, measurements are performed for inten- 
sity values of the exciting light lo at the excitation wave 

length wavelength X±, and the intensity values of signals being 
measured are normalized for this value. Calculation and com- 
pensation of the light transfer ratio for an optical path of 
the registering and measuring apparatus are performed by means 
of the procedure of relative measurements of intensity values 
for the sample being identified under analysis and a standard 
sample and/or specially prepared calibration sample of a lumi- 
nescent mixture a of a certain, — otrictly unchangeable compound 
with stable by time spectral and luminescent characteristics, 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shows contoured luminescence excitation- 

irradiation spectra of motor gasoline of different brands. 
Figure 1 A shows the spectra for A-76. Figure 1 B shows spec- 
tra for A-93 . 

[0024] FIG. 2 A shows contoured luminescence excitation- 
irradiation spectra of clean water. Figure 2 B shows the same 
water containing an impurity of active chlorine. 
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[0025] FIG. 3 is a block diagram of a specialized analyti- j 

cal device (a) and diagram of switching positions of samples \ 
when measuring the intensity values of the probing light lo I 
(b) , th e paasing passed light It, and the luminescent light II 
(or the Raman scattering Ir) for a standard sample of a known 
mixture K (c) and a sample being identified under analysis of 
an unknown compound U id) : 
LS - a light source, 

Xi SM - a device for extracting selecting the monochroma t i c 

narrowband probing irradiation, 

Fi - a device of focusing the probing ray; 

SH ~ a holder of samples with a device for replacing a stan- 
dard sample and a sample being identified under analysis in 
the analytical channel: K is a standard sample of a known mix- 
ture, U is a sample being identified under analysis of an un- 
known Gompoun d analyte ; 

F2,3 ~~ devices for gathering collecting the probing light Iq, 
the paooing p assed light It, and the luminescent light II (or 
the Raman scattering Ir) to photo detector photodetector de- 
vices, 

X-j SM - a device for selecting the luminescence wav e' l -e^ n gt-h Q ' 
spectral components or the Raman scattering spectral compo- 
nents , 

PDi, PD2 — photo detector photodetector devices for measuring 
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the intensity values, accordingly, for the probing light and 
the passed light, and the luminescent light or the Raman scat- 
tering; 

R&RM - a module of registration and treatment of signals in- 
cluding power and control units (remote control) of execution 
units, and a module of communication with an external comput- 
ing device and/or a device for displaying the analysis re- 
sults. 

[0026] FIG. 4 shows spectra of intensity ratios for impu- 

rity luminescence of water samples with the same fixed excita- 
tion wavelength (X-ex =23 0 nm) : 

centralized municipal water supply system (curves 1- 

3) ; 

the same water contaminated with municipal wastewa- 
ter (curve 4 ) ; 

the same water contaminated with 3 , 4 -benzopyrene 
(curve 5) ; 

the same water contaminated with petroleum deriva- 
tives (curve 6) . 
DETAILED DESCRIPTION OF THE INVENTION 

[0027] The present invention can be described by the fol- 
lowing non-limiting examples, which examples are given for il- 
lustration only and not for limitation. 
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Example 1 

[0028] a. Light fro m a wid e band oouroc of optical radia 

4=rio&--irg--- div i d Gd i nto spoctral — eo mpon ents , — a nd / er fek-e— arS-s-i-g-H-ed 

BCGtiono of monochromatia light with a opcctral width of arc 
e^^fe-racted firom this light in the sele cted r ange of w ar^^^e— 
lengths X^ ^ wh ile ensuring the poaaibility of changing the 0pcc 
faral po G itiron of thcoo aec ti o n s w it h the assign ed piteh 

A^.3j>Ai,— The e x tracted m eneohromatic light ia t hen focused 

onto a probing bea m having a specified geom e t ric s hap e, — 
the light is directed onto a sample under analysis; — Light from 
a broadband source of optical radiation is divided into spec- 
tral components, and/or the assigned narrow spectral sections 
with a spectral width of Aj are selected from this light in 
the predetermined range of wavelengths X± while ensuring the 
possibility of changing the spectral position of these sec- 
tions with the assigned pitch A^u j ^j . The selected narrowband 
probing light is then focused onto a sample under analysis, 
[0029] b, A sample of a known mixture K and a sample of an 
unknown mixture are irradiated, by turns, with mon och ro 
matic light the focused probing beam at the assigned wave - 
l e n gth wavelength X^, X2, X^ from the B'elre < :!ted predetermine d 
spectral range X±} 
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[0030] c . Light falling onto a s ample-? — passing "through a 

sample^ — or rcflGctcd by a CTamplc^ — and the lumin c s cQ nt light ig 

G e 1 1 e e t e d a n d d "i"35e € !-t-ed---fe^ — iHd e p Qn d Q nt phet e det -e efeei? devio -e-s- 

Light falling on the sample, passed through the sample or re- 
flected by the sample is collected at the photodetect or, and 
the spectral components of the luminescent light is collected 
at another photodetector" ; 

[0031] d. The intensity values of the probing light and the 

luminescent light gathered on the photo detector photodetec- 

tors is measured for each of the Qxtractcd selected wave 

l e ngth wave 1 eng t hs X^, X2, 7^ of the oclcctod predetermined 
spectral range X±, . That is, the probing light Iq/ the light 
pas s ing passed through et the sample or reflected by et the sam- 
ple It, and the luminescence light of et the sample II, includ- 
ing steps of decomposition of the luminescent light into a va- 
riety of spectral sections, and/or sequential e x tra c ti o n se- 
lection of the specified sections of wave length wavelength e # 
^if 5^2/ with a width e# Aj , with the assigned pitch •e# 

AXj>Aj, where each section corresponds with the predetermined 
characteristic wave length wavelength of the light in the do 
lee t ed predetermined spectral range , which io gathered and 
- rcgiotcrcd by a phote --drCtG a t or i s mcaaurc d are collected onto 
the corresponding photodetectors and are measured ; 
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[0032] e. The relative intensity of the gathered collected 
light p aa oin g passed through ar the sample, or reflected by et 
the sample^ is defined determined at each of extracted se- 
lected w a^- length wavelengths Xr^, and the luminescent light 
for each of the e xtract e d selected wave length wavelength X.m/ 
for a — the known mixture and unknown mixture, in accordance 
with the following expressions: 

where 

(A^ ), (/l^ ) - intensity values of passed or reflected light 

for samples of the known K mixture and unknown U mixture, nor- 
malized for the intensity of incident radiation falling on the 
sample at the corresponding wavelength; 

{A^ , A„ ), l}^ {A^ , yl„ ) - intensity values of the luminescent light 

irradiated by the sample of the known K mixture and unknown U 
mixture within the specified sections Xx, ?v 2 / — of the pre- 
determined range of wavelengths with light excitation within 
the specified sections Xx, 7. 2 r of the predetermined range 

of wavelengths ^.j , normalized for intensity of incident radia- 
tion falling on the sample at the corresponding wavelength; 
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{A^^ ), {A^^ ) - intcnaity valu es of paaoing or rGflcGtcd light 
for s amples — of a known K mixture and an unknown U mixture 
meaoured within th e op ee if ied s ections 7\^~~, — Jc^-? — ^rr- ^ of th e ex - 
tracted range — of wave Icngtha — — inci dent — r adi a t i en — inten- 
sities of passed or reflected light for samples of a known K 

*r ■ -rr I ■ .....l ira - - ,.■ 

mixture and an unknown U mixture measured at the specified 
sections A i , A.^ of the predetermined range of the inci- 

dent light from the predetermined range Xj; 

(^m •> (^m r>^n) "~ intcnslty vqIugd of the lumincocont light 
radia ted by a cample of a known K mixture and a aamplc of an 
unknown U mixture within the apccif ied occ tion s > l ^-7 — — of. 

the extracted range of wave l en g th s X^ . with light-"-e'xei-t-afe^^^^ 

within the specified aoctiono X^ - — Xgn — ttt-^ ^ of the extracted 
range of w a v e len gt hs X^ -t — intensities of the luminescence radi- 
ated by a sample of a known K mixture and a sample of an un- 
known U mixture measured at the selected wavelength 
A ji of the extracted range of wavelengths X-j with light excita- 
tion within the specified sections X^, Xm of the prede- 
termined range of wavelengths X± ; 

^0 i^^^m -^0 i^^m ) "~ intensity valuca of inc ide nt p robing radiation 
falling on the appropriate samples at the time of per f o r m in g 
mcaauremento ; intensity of incident probing radiation falling 
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on the appropriate samples at the time of performing measure- 
ments ; 

[0033] f . The corresponding relative intensity values of 

the light passing passed through a the sample, or reflected by 
a the sample^ on each of extracted selected wave-length wave- 
length 7^, and the luminescent light for each of the extracted 
selected wave-length wavelength Xxg, Xn for a known mixture and 
an unknown mixture are compared, and the compliance between 
the unknown mixture and the known mixture is defined deter- 
mined b y the following expression: 

2 t^,T {A^J mxn (yL^^Ajj 

(A^XT^^ (^ffl) intensity values of passing or roflcctcd light 

for sa mple s of a knewn K mixture and unknown U m ixture, — nor 

mali z o d f ar the inte nsity of — incident radiation falling on a 

D ample at — the corresponding wave-- length; 
Z^ (>t^ , /t^ ), intcnoity valucc of the luminescent light 

irradiated by a sam p le o f a known K m i xt ure a n d unknown U mi x - 
ture within the specified sQCtieHS — Jt^-y — of the ex- 
tracted range of wave lengths with light excitation within 
the sp e c ifie d sec ti o n s X q,- — Pt^-T — ... X^ of — the extracted range q # 

wav e l ength s T ' ^, no r m a l i zed for intensity of — incident radiation 

falling on a sample at the — corres pondin g wave 1 cngth ; 
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fR-? — H — ■ — a numibo r of extracted section s with the wav e Icngtho 

U H d eF eoFFipa - ared within th e s e l e c te d s pe ctr al ra - Hges X - ^ and }^ j-r 

accordingly; 

m, n - the number of selected wavelengths from the predeter- 
mined spectral ranges X± and , respectively; 

- a value of allowable deflections of the compared values 
for the unknown mixture being ide n tifie d under analysis from 
the corresponding values for the similar values of a standard 
sample of a known mixture; 

[0034] g* The presence or absence of foreign impurities 

contaminants) in the mixture under study is defined determined 

by the following expressions: 

at the aamc time, — if Gj^^ (^A ^9~^-£-i^-7^-^ ^ ^ ~ 0±S^ foreign impurities 

in the sample b e ing identified arc absent , — and the concluBion 

about the prcocnce of unwanted contaminations — in the mixture 
under study may be drawn when th e r e ar e— s-eet-i e n s Cjgrf^ ^) >0±S, 
and/or C^-~f^-y~~^ ^) ^0±S in the diff e renc e s p ectra whereas, if 

CtJAi) "^'^ L ('^'i r Ai)=^ 0±dr the foreign impurities in the sample un- 
der analysis are absent, while if there are ranges with 

C<^ (X-i ) >0±S, and/or C j_,_(Xir k^ ) ^Q±S the conclusion can be drawn 
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that the undesirable impurities are present. 
Example 2 

[0035] In another embodiment of the present invention, 

the procedure differs from the procedure of Example 1 as fol- 
lows: the step of comparing a^^ — the unknown sample with ^-the 
known one is replaced with the step of comparing their elec- 
tronic absorption- luminescent signatures (ALS) , for which pur- 
pose the following steps are to be added: 

[0036] a. Calibration samplGO Q A calibration sample Q - a^^ 
is prepared, which calibration aamplca sample represents a 
specially made-up mixture or multi — component aolutions a mul- 
t i component so lut i on , the absorption or reflectance spectra, 
and luminescence spectra of which solution (mixture) are over- 
lapped with the corresponding spectra of -a: the known mixture 
within the aQlQctQd predetermined analytical spectral ranges X± 
and ?ij , i.e. have nonzero intensity in the specified ranges; 

[0037] b. A— The standard sample of a known K mixture and e 

the calibration Q sample are placed into an analytical device; 

[0038] c. Measurements and transformations of measured val- 

ues for intensity of the light paooing p assed through or re- 
flected by standard and calibration samples, and their lumi- 
nescent light, are performed in accordance with steps a-e of 
Example 1, while taking into account the step of replacing a^ 
the unknown U sample with the calibration Q sample; 
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[0039] d* An electronic absorption- luminescent signature 

ALSk of a standard sample is created as follows: 



ALS^ ^\\K,\\ 



^1,1 



T 



\ m.n J 



, where; 



(/l^^Xr^(>l^) int e nsity values of passing or ref l ect e d light 

•#Qr a sampl e o f a- k nown K mixtu r e and a oampl c of — a ea - li - bap T ! - ^ 

tion Q mixture, — normalissed for intensity of incident — radiation 
falling on a sample at the corresponding wave length; 

iF {A ^^ , ) intensity values of the luminoscent — light 

radiated by a sample of a kn o wn K mi xtu r e an d a calibration Q 
mixture within the — opccificd sections X. x~, — /^.^-r — o f — feh^ — ox ■ 
tractcd range of wave length with light excitation v^ithin 
the — specifi e d s e ctions X: ^-, — X^-j — of — the extracte d range o f 
wave -lengt h X^rr — nor ma l ized f - er i n t e nsit y o f i- H cid e nt r a d iatio n 
f alling on a sample at the corresponding wave-length; 

- intensities of the passed or reflected light It of a sam- 
ple of a known K mixture ^ normalized for intensities of the 
probing light Ip, measured at the frequencies X^; 
^m,n ? - intensities of the luminescence radiated by a sample 



of a known K mixture and a calibration Q sample, normalized 
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for intensities of tihe probing light Iq, measured at the fre- 
quencies X r i with the excitation at the frequencies 
[0040] e. An electronic signature of a standard sample ALSk 

is entered into the computer database, and/or is saved on an 
intermediate medium; 

[0041] f. Steps similar to those in step c of this embodi- 

ment are carried out with ar — the sample of an unknown mixture, 
including the step of replacing ar -the standard sample K with a 
the calibration sample Q, which is strictly identical with the 
calibration sample used when measuring a standard sample, and 
creating an electronic signature ALSu of a sample being idcnti 
fi e d under analysis : 



ALSjj - mJ^ 



il 1 ^1,1 



^1,1 



~r, where 



- intensities of the passed or reflected light It of a sam- 
ple of an unknown U mixture^ normalized for intensities of the 
probing light Iq, measured at the frequencies X^} 
^Ln - intensities of the luminescence radiated by a sample of 
an unknown U mixture, normalized for intensities of the probing 
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light Iq, measured at the frequencies with the excitation at 
the frequencies A.^; 

[0042] g. Comparing electronic signatures of an the unknown 
mixture ALSu= ||t//7- 1| being tested with similar data for ar - the 

standard sample of a ^the known mixture ALSk= ||i^/r || by the follow- 
ing expression: 

_ P4 



ALSl 



IK II ■ 

at th e s ame timc^ — so that a conclusion on the identity of the 
unknown mixture and the certain mixture may be drawn when all 
colls elements of the matrix ||-^^^'|| contain only unit elements 
{i.e. a±= a±^j=l±S) ; 

[0043] h. To dofinc determine the presence or absence of 
unwanted contaminants for the mixture under study by the fol- 
lowing expression: 



lie II- ll^^- II -IK II 
" IKII ' 



[0044] at the s amo t imc , — a concluoion about the prcocncc of 

unwant od con t amina t i ono — in the mixture — ||C^^^ [[ — under studying may 

be drawn when in the matrix there arc nonzero elements — 

I > I ±S \ , — the values o f w hi ch exceed the value of allowable 

d e f le ctions of — the values b eing eempar e d #er- the u nkn o wn mix 

turc being identified> — from th e cor re spo nding v alues for the 
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s im i lar v a liiie o — o f a s tandard- sample o f a kno v m mix t ure; 
wherein, if the matrix ||C^<^,|| comprises nonzero elements, the 

values of which exceed the value of allowable deflection from 
the corresponding values of the standard sample of the known 
mixture, \c±, Ci,j|>|±6l, the sample under analysis is defined 
as containing the unwanted contaminants; 

Example 3 

[0045] This example differs from Example 1 as follows: a 

step is added to measure intensity values of Raman scattering 
of g t he sample being identified under analysis and ar— the 
standard sample, for which purpose the following steps are to 
be added: 

[0046] a. Samplco The samples of an the unknown mixture and 

ar -the known mixture are irradiated, by turns, with a monochro- 
matic line of a narrow band narrowband (lined) source of light 
at one or several selected fixed frequencies Yex; 

[0047] b. The light of Rama n a c att ering io gathered onto a 

photo detec tor device The exciting light Vex iB collected onto 
the photodetector , and spectral components of the Raman scat- 
tering light Ir are selected and collected onto another 
phot ode t e c t or ; 
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[0048] c. For each of the cxtraatcd selected frequencies Vi, 

V2/ /Vp of the oolQCtcd predetermined spectral range, inten- 
sity values of the light gathered onto a photo ■ dot act or of the 
li n o arc mcog^rcd the exciti ng lig ht and light of the Raman 
scattering collected onto the photodetectors are measured ^ 
namely: the exciting light falling on a sample lex/ and the 
light of Raman scattering of a sample 1r, including steps of 
decomposition of the light of Raman scattering into a variety 
of spectral sections, and/or sequential extraction selection 
of the specified frequency sections Vi, V2, ,Vp with a width 
of Ar, with assigned pitch AVr^A^/ where each section corre- 
sponds to the predetermined characteristic frequency of the 
light in the sel e cted predetermined spectral range Vr, which ia 
gathered and registered by a photo detector are collected onto 
the co rrespondi ng photod ctc c t orG a n d are m e asu re d are col- 
lected onto the corresponding photodetectors and are measured ; 

[0049] d. The relative intensity of the gathered collected 

light of Raman scattering at each of the extracted selected 
wavelengths frequencies Vi, V2, -*f^p ^ known and unknown 

mixtures is defined determined in accordance with the follow- 
ing expressions: 

^ ex ex 

where : 
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/^(v^,v^),/^'(v^,v^) - intensity of Raman scattering radiated by a 
sample of a known K mixture and a sample of an unknown U mix- 
ture within the specified sections Vi, V2, Vp of the Qxtraotcd 
predetermined frequency range Vr with light excitation at one 
of the selected frequencies Vex; 

I^^^^Jx " intensity of the exciting light falling on correspond- 
ing samples at the time of performing measurements; 
[0050] f • Data for a n the unknown mixture being tested with 

are compared with similar data for ar -the standard sample of -a 
the known mixture by the following expression: 



at the .aamo timc^ — a ooncluGion on the — identity of the unknown 

mi:?cture an<i- - t - he k - newn m ixture m ay b e d-jgawBr-whef^ - A — \±S - where in 

the known mixture and unknown mixture are determined as being 
identical if A = 1±5 ; 
Example 4 

[0051] This method differs from that of Example 2 as fol- 
lows: comparison is performed for electronic signatures con- 
taining spectral profiles of absorption, luminescence and Ra- 
man scattering intensities for a — the unknown mixture sample 

(RALSu) and ab — the standard sample (RALSk) / which are formed by 



1 r^^'k,vj^ rj_ 




m n 
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the method of Example 3, resulting in the following step of 
normalization of Raman matrixes in the following way: 

[0052] a. A calibration sample Qr is prepared, which cali- 

bration sample represents a specially made-up mixture or a 
multi — oomponcnt multi component solut io n of a ctrictly idcnti 
eai — constant com poun d , the luminescence spectrum of which 
overlaps with the Raman spectrum of the known mixture within 
the oQlactcd predetermined analytical spectral ranges; 

[0053] b. The intensity of Raman scattering is measured, 
and the results are converted similarly to steps b-f of Exam- 
ple 2. The signatures of a — the standard sample and ar -the sam- 
ple being identified are formed in accordance with the follow- 
ing expressions: 



tQr 
^1.1 



tQr 



tQr 



tQr 



jQr 



, where 



intensity values of Raman light scattering, normal- 



ized for intensity of the exciting light lex^ for samples of 
the Icnown K mixture and the unknown U mixture, measured at the 
frequencies Vp with light excitation at the frequency -i^^ Vg; 
I^^p - the luminescence intensity for a calibration sample Qr, 
normalized for the intensity of the exciting light lex; 
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[0054] c. The electronic signatures of an unknown mixture 

being tested are compared with similar data for a standard 

sample of the known mixture H^eI » including the step of com- 
paring Raman matrixes (RALSu,k) , by the following expression: 



PA 



vii^.iiy 



where the identity of samples is d c fin o d determined by the 
following attribute: =1^^?; 
Example 5 

[0055] The process of this embodiment differs from the 

processes of Examples 1 and 2 as follows: a step is added to 
dissolve samples of ar — the m ixture b e i n g — ident ified under 
analysis and ar — the certain standard mixture in appropriate for 
these mixtures solvents . 

[0056] The most effective realization of the complex analy- 

sis system of the present invention is performed by a special- 
ized multifunctional measuring device which is able to perform 
relative measurements of absorption spectra and luminescence, 
as well as Raman scattering, for samples under comparison in a 
common analytic cycle. This makes it possible to minimize 
both systematic and random inaccuracies of measurements, and 
provides a high degree of reliability. 

[0057] The apparatus of the present invention is illus- 

trated in block diagram in Figure 3 a. This diagram includes 
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all of the functions of the analytical steps required for the 
analysis of the present invention, 

[0058] To perform complex measurements of absorption spec- 

tra, luminescence and Raman scattering, a combined light 
source is used consisting of continuous and line light sources 
LS, and a matching device, thereby ensuring the possibility of 
switching and focusing the light from the required source onto 
a sample. 

[0059] Step A a of Example 1 is performed by a A,iSM-module 

in the aggregate with a light source LS and a light - gathering 
collecting device Fi; 

[0060] - a samples holder SH performs alternate irradiation 

of samples (Example 1, step b) and measurements of intensity 
values for the probing light Iq, the p ass ing passed light It, 
and the luminescent light II of a standard sample K and an ana- 
lyzed sample U (Example 1, step d) , which are performed with 
different positions of the holder in regard to the analyzing 
light beam (Fig, 3 b-d) ; 

[0062] gathering th e li gh t — falling on a sample and passing 

throug h i t io performed by a light gathering dcvico to a 
p h o to — d e tec tor VB^ -f — and gatheri n g the — " ii^m i n q o c — li gh t io per - 
formed by a light gathering device F^. to a photo de t ector PD^ — 

at the aamc time the luminoaconce light io diDintcgrated into 
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opc a tr a l a o mponcnt s , — and the rGquirod speetral s ee t ion i s e x - 

- traat c d from - tki - B — - by a A. j. CM module — (Example 1^ — stop e) ; 

- collecting the light falling on a sample and passed through 
it is performed by a light -collecting device F2 to a 
photodetector PDi, at the same time the luminescent light is 
disintegrated into spectral components and the required spec- 
tral section is selected from this light by a XjSM-module, col- 
lecting the spectral section is performed by a light- 
collecting device F 3 to a photodetector PD2 (Example 1, step 
c) ; 

[0063] [0061] defining determining the relative intensities 

of the passed light and the luminescent light (Example 1, step 
e) , which represent experimentally measured intensity values 
for the passed light It and the luminescent light II normalized 
for Iq. This is performed while processing signals are measured 
at different positions of the sample holder SH (Fig, 3 b-d) , 
by the devices included in a control and registration module 

(R&RM) , and/or further mathematical treatment implemented by 
an external computing device; 

[0064] [0062] the comparison of corresponding relative in- 

tensities (Example 1, step f) is performed similarly to ascer- 
tain the identity or difference of samples being identified 
under analysis ; 
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[006S] - [0063] the R&RM module also contains devices to con- 

trol measurements ensuring switching of sample positions , set- 
ting the specified inteirvals of the extracted selected wave- 
lengths, and measuring signals with a specified time constant, 

as well as power units of light sources and photo detector 

photodetector (PMT) ensuring stabilization and automatic cor- 
rection of power supply modes, and an interface of communica- 
tion with an external computing device and/or devices of accu- 
mulation, storage and display of information. 

[0066] - [0064] The algorithm of comparison of characteristics 
of a Jcnown sample and an unknown sample provided in the pre- 
sent invention gives an unambiguous characteristic for the 
mixture being identifie d under analysis , whether it corre- 
sponds with a standard sample or not. Inconsistency between a 
sample being identifie d and a otandard oamplc Inconsistency 
between a characteristic of sample under analysis and a char- 
acteristic of standard sample is evidence of a difference in 
their component compounds. The compliance level for a mixture 
being identified under analysis and a standard sample may be 
characterized by the value of correlation of their absorption- 
luminescent signatures 0. In the simplest case, this correla- 
tion is expressed by the ratio of a number of coincident ele- 
ments of matrixes ni,j, in accordance with the analytical ex- 
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pressions of the methods by claims 1-4, and the total number 
of significant elements of matrixes N: 

©=ni,j/N; 

This is illustrated with the following nonlimiting examples: 
Example 6 

[0067] [00653 A s an example of liquids identification, the 
following liquids are chosen (Table 1) : 

two samples of drinking water from different sources; 

- two samples of food spirit from different manufacturers; 

- two samples of vodka from different manufacturers; 

two samples of motor gasoline of different types; 

two samples of shampoo of the same type from differ- 
ent manufacturers . 
Each of the above-listed objects, by turns, is considered as a 
standard sample and compared by turns with the whole aggregate 
of tested samples for the compliance level in accordance with 
the method of Examples 1 and 2* As one can see in Table 1, 
compliance is not observed for a standard sample and tested 
ones for all comparisons, with the exception of total identity 
of samples. At the same time, objects having the same micro- 
compound elements (water, ethanol, vodka) have the higher com- 
pliance level. 
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Table 1 . 



Control 
sample 


Compliance level 


L i qu i d, 
type 


W 


1 


2 


3 


4 


5 




7 


8 


9 


10 


Water 1 


1 


1 


0.59 


0.7 


0.67 


0.67 


0,56 


0.35 


0 . 3 


0 . 2 


0 . 15 


Water 2 


2 


0 .59 


1 


0.68 


0.66 


0 .63 


0 . 52 


0 .42 


0 . 37 


0.25 


0 . 28 


spirit 1 


3 


0 . 7 


0 .68 


1 


0 . 9 


0 . 77 


0 . 64 


0 . 15 


0 . 1 


0 . 11 


0 . 15 


spirit 2 


4 


0 , 67 


0 . 66 


0 . 9 


1 


0. 76 


0 .61 


0 . 12 


.0.1 


0 . 15 


0 . 12 


Vodka 1 


5 


0 . 67 


0 . 63 


0 . 77 


0 . 76 


1 


0 . 6 


0 .25 


0.2 


0.23 


0 . 18 


Vodka 2 


6 


0 .56 


0 . 52 


0 . 64 


0.61 


0 . 6 


1 


0 . 23 


0 . 18 


0 .25 


0.28 


gasoline 
1 


7 


0.35 


0 . 42 


0 . 15 


0 . 12 


0.25 


0.23 


1 


0.68 


0.42 


0.37 


gasoline 
2 


8 


0 . 3 


0 .37 


0 . 1 


0 . 1 


0.2 


0 . 18 


0.68 


1 


0.35 


0.32 


Shampoo 
1 


9 


0 . 2 


0 .25 


0.11 


0.15 


0 .23 


0.25 


0,42 


0.35 ■ 


1 


0.4 


Shampoo 
2 


10 


0 , 15 


0 .28 


0 . 15 


0 . 12 


0 . 18 


0 .28 


0.37 


0 . 32 


0.4 


1 



[006S] - [0066] It should be noted that ascertaining the iden- 
tity of samples by comparing their differences, within the 



framework of the present invention, presents different tasks 
which differ in the amount of time required. To ascertain un- 
ambiguously the identity of objects being compared, it is nec- 
essary to determine the compliance by the greatest possible 
number of parameters, whereas, for ascertaining their differ- 
ence, it is enough when at least one of the parameters under 
comparison for a mixture b eing i d ent ified under analysis dif- 
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fers from a corresponding parameter for a standard sample. 
This is illustrated by Examples 7 and 8. 
Example 7 

[0069] [0067] In Table 2, a comparison of compliance levels 
is presented for pure liquids which were obtained from corre- 
lating absorption- luminescent signatures (ALS) in accordance 
with the method shown in Examples 1 and 2, and the same signa- 
tures supplemented by the Raman co- factor (RALS) in accordance 
with the processes of Examples 3 and 4 . As can be seen in Ta- 
ble 2, adding the Raman component does not substantially 
change the value of the conformity level for objects related 
by being in the same chemical class, and results in drastic 
differences for objects which are in different chemical 
classes. 
Table 2. 



Identity method 


Con- 
trol 
sample 


water 


spirit 


Cyclohex- 
ane 


1 


2 


3 


4 


5 


ALS 


1 


1 


0 ,59 


0 . 7 


0 :67 


0 .25 


2 


0 . 59 


1 


0 . 68 


0 . 66 


0.2 


3 


0.7 


0.68 


1 


0.9 


0.4 


4 


0 . 67 


0 . 66 


0 . 9 


1 


0 . 35 


5 


0 , 25 


0 . 2 


0,4 


0 , 35 


1 


RALS 


1 


1 


0 . 59 


0 . 18 


^0 . 17 


0 


2 


0 .59 


1 


0 , 17 


0 , 16 


0 


3 


0 . 18 


0 . 17 


1 


0 . 85 


0, 3 


4 


0 . 17 


0 . 16 


0 . 85 


1 


0.26 


5 


0 


0 


0.3 


0 .26 


1 1 



- 35 - 



Substitute Specification 
Marked-up Copy 
Appln.No. 10/681,262 

Example 8 

[0070] - [0068] In Figure 4, correlation spectra are shown for 
intensity values of impurity luminescence using the same fixed 
excitation wavelength (23 0 nm) for water talcen from various 
points of the municipal water supply system (curves 1-3 on 
Fig. 4) and for the same water contaminated with municipal 
wastewater (curve 4); 3 , 4 -benzopyrene (curve 5); and petroleum 
derivatives (curve 6). As one can see from Figure 4, all 
three samples of clean water have minimal differences, while 
at the same time the presented samples have perceptible dif- 
ferences using the complete set of parameters (this value for 
samples 1, 2, and 3, respectively, are 0.86, 0.9 and 0.95). 
It is clear that contaminants in the water change the situa- 
tion drastically, so that users can determine that these are 
distinct from a standard sample only on the basis of the date 
presented, which reduces the analysis time by a factor of 
about 10-2 0. 
Example 9 

[ 0 0 7 44- [0069] Thi s example shows identification of a variety 
of industrial products produced for domestic purposes: 
4^0 72] [Q070] Three samples of dry yeast, two of which belong 
to the same production lot of the same manufacturer (samples 
1-1 and 1-2) , and a sample of a similar product from another 
manufacturer (sample 2 ) ; 
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[0073] [0071] Three samples of washing powder of the same 
brand from the same production lot from a well-known manufac- 
turer (samples 1-1 and 1-2) , and a sample of a similar product 
of another brand from the same manufacturer (sample 2} } 

[007 4 ] [0072] Three samples of domestic gel -like washing liq- 
uid of the same brand, from eth same production lot, from a 
well-known manufacturer (samples 1-1 and 1-2) , and a sample of 
a similar product from the same manufacturer, but another 
brand (sample 2) ; 

[ .Q, Q 7 5 ,]. [ Q Q 7 3 ] One can distinctly see in Table 3 that samples 
of products manufactured from strictly identical raw materials 
during the same processing cycle have a high compliance level 
with each other. This compliance is not observed when the 
manufacturing conditions are changed. 
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Table 3. 







dry yeast 


washing powder 


domestic gel- 
like washing-up 

liquid 


1-1 


1-2 


2 


1-1 


1-2 


2 


1-1 


1-2 


2 


dry yeast 


1 

_L 


1 


0.95 


0.5 














1- 
9 


0 . 95 


1 


0 . 65 
















0 , 5 


0 . 65 


1 














washing powder 


1- 

1 


- 


- 


- 


1 


0.86 


0 . 3 


- 


- 


- 


1- 
9 








0 . 86 


1 


0.4 








2 








0.3 


0.4 


1 








domestic gel- 
like washing-up 
liquid 


1- 
1 














1 


0.9 


0.45 


1- 
2 














0 . 9 


1 


0.4 


2 














0.45 


0 . 4 


1 



Example 10 

[0076] [0074] This example illustrates determining the impu- 
rities contaminating liquids, in this case, drinking water, 
with additives of different classes of substances. As a stan- 
dard sample, clean drinking water was accepted here. The fol- 
lowing liquids were tested for the presence of contaminants: 
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The standard water 

The standard water with priority PAH ( 3,4- 
benzopyrene) dissolved therein; 

The standard water with crude petroleum dissolved 
therein; 

The same water with organophosphorus insecticides dis- 
solved therein : Thiophos (structure 1) and foksim (structure 
2); 

The standard water with chlorine dissolved therein* 
The standard water with medical products dissolved 
therein: methyl ether of benozylecognine (structure 3); 1,3,7- 
trimethylxanthine (structure 4) ; penicillin (structure 5) ; and 
tetracycline (structure 6) ; 

The same water containing E. coli; 

The same water contaminated with municipal wastewater. 
[0 0 7 7] [0075] This example demonstrates the adaptability of 
the method of the present invention in monitoring water sys- 
tems for the purpose of exposing contamination with either 
chemical or biological contaminants. 

[ 0 078 ] [0 076] A s can readily be seen from Table 4, the com- 
pliance level of water contaminated with 3 , 4 -benzopyrene with 
eth standard water was reduced to one half, which compliance 
was reduced even more when the water was contaminated with pe- 
troleum. A similar situation was also observed in the case of 
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contamination with substances such as organophosphorus insec- 
ticides , chlorine, medical products, bacteria, and municipal 

wastewater . 

[0079] [0077] It should be noted that adding the chlorine re- 
sulted in a drastic reduction of the conformity level of the 
ALS signature of a sample being tested with a sample of clean 
water. At the same time, visual checlcs of outline maps of 
these objects (see Figure 2) do not permit the user to draw 
the same conclusions. These facts point out the high level of 
accuracy of the present invention. 
TaJ3le 4. 



Contaminant 


Compliance level 


PAH 


Is absent 


3,4- 
benzopyrene 


Petroleum 


0 . 5+0 . 05 


0.48 


0.39 


O r ganopho s pho r u s c om - 
pound 


Is absent 


Structure 1 


Structure 2 


0.95+0.05 


0.43 


0.41 


Chlorine 


Is absent 


0 ,41 


0 , 95+0 . 05 


Medical products 


Is absent 


Structure 3 


Structure 4 


0 . 95±0 . 05 


0 . 32 


0.46 


Is absent 


Structure 5 


Structure 6 


0 . 95±0 . 05 


0 . 4 


0 .36 


Bacteria culture 


Is absent 


e-coli 


0.95+0.05 


0 . 5 


Municipal wastewater 


Is absent 


0 . 55 


0 . 95±0 . 05 



[0 980 3 ■ [0078] The foregoing description of the specific em- 
bodiments will so fully reveal the general nature of the in- 
vention that others can, by applying current knowledge, read- 
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ily modify and/or adapt for various application such specific 
embodiments without undue experimentation and without depart- 
ing from the generic concept. Therefore, such adaptations and 
modifications should and are intended to be comprehended 
within the meaning and range of equivalents of the disclosed 
embodiments . 

[0081] [0079] It is to be understood that the phraseology or 
terminology employed herein is for the purpose of description 
and not of limitation. The means and materials for carrying 
out various disclosed functions may take a variety of alterna- 
tive forms without departing from the invention. 

[00 8 2] [0080] ThuS;. the expressions "means to..." and "means 
for..." as may be found in the specification above and/or in the 
claims 'below> followed by a functional statement, are intended 
to defi n e determine and cover whatever structural, physical, 
chemical, or electrical element or structures which may now or 
in the future exist for carrying out the recited function, 
whether or nor precisely equivalent to the embodiment or em- 
bodiments disclosed in the specification above. It is in- 
tended that such expressions be given their broadest interpre- 
tation. 
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